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ABSTRACT
We report HST NICMOS observations of the central region of NGC 5128 at 2.2µm and in Paα. The
continuum images show extended emission typical of an elliptical galaxy and a strong unresolved central
source we identify as the nucleus of the galaxy. Its position is consistent with ground-based IR and radio
data, and with the peak of reddening found with WF/PC-1. In Paα, we detect a prominent elongated
structure, centered on the nucleus, extended by ≃ 2′′at a position angle of ≃33◦, and with a major to
minor axis ratio of ∼ 2. We interpret this as an inclined, ∼ 40 parsec diameter, thin nuclear disk of
ionized gas rather than a jet-gas cloud interaction. We do see several weaker Paα features, some of which
may be circumnuclear gas clouds shocked by the X-ray/radio jet. The disk is one of the smallest ever
observed at the nucleus of an AGN. It is not perpendicular to the jet, but consistent with being oriented
along the major axis of the bulge. If it represents the warped outer portion of an accretion disk around
a black hole, we conclude that even on the scale of a few parsecs, the disk is dominated by the galaxy
gravitational potential and not directly related to the symmetry axis of the AGN.
Subject headings: Galaxies - individual (NGC 5128=Centaurus A); Galaxies - Seyfert; Galaxies - active
1. INTRODUCTION
NGC 5128 (Centaurus A), the nearby giant elliptical
galaxy, hosts the closest powerful active galactic nucleus.
This double-lobed radio source contains a strong jet dis-
covered in X-rays (Schreier et al. 1979, Feigelson et al.
1981) and well-studied in radio with the VLA (Schreier et
al. 1981, Burns et al. 1983, Clarke et al. 1986) and with
the VLBI (cf. Jones et al. 1996). The proximity of NGC
5128 makes it one of the best candidates for studying the
inner region around a massive black hole, assumed by the
standard model to be at the core of all AGNs (e.g. Bland-
ford 1991, Antonucci 1993). However, the large warped
dust lane, approximately an arcminute wide with associ-
ated gas, young stars, and HII regions, dominates the mor-
phology and polarization properties at visible wavelengths,
effectively obscuring the nucleus and inner half-kiloparsec
of the galaxy and the jet.
Ground-based IR observations have provided evidence
for a strong, heavily polarized source at the nucleus (cf.
Bailey et al. 1986, Packham et al. 1996). Previous
HST WF/PC-1 imaging polarimetry of the inner region of
NGC5128 (Schreier et al. 1996) identified the nucleus of
the galaxy with the most obscured and reddened feature of
the emission, several arcseconds SW of the brightest opti-
cal emission near the center of the dust lane and consistent
with the IR results.
While the discovery of gas disks at the centers of nearby
galaxies with HST has opened up new possibilities for de-
termining masses of central black holes by studying kine-
matics of the disks (cf. Harms et al. 1994, Ferrarese et
al. 1996, Macchetto et al. 1997, Bower et al. 1998) the
dust lane does not permit such studies for NGC 5128 in
the optical. We report here HST Near Infrared Camera
and Multi-Object Spectrometer (NICMOS) observations
at 2.2µm and Paα which allow us, for the first time, to
study the structure of the circumnuclear region at high
resolution. We summarize the observations and data re-
duction in Section 2, the results in Section 3, and discuss
the implications of these data for standard AGN and jet
models in Sections 4 and 5. Throughout, we assume a dis-
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tance to Centaurus A of 3.5 Mpc (Hui et al. 1993), whence
1′′≃17pc.
2. OBSERVATIONS AND DATA REDUCTION
The nuclear region of NGC 5128 was observed for
three orbits on 11 August 1997 using NICMOS Cam-
era 2 (0.′′075/pixel) with F222M, F187N and F190N fil-
ters. All observations were carried out with a MULTI-
ACCUM sequence (MacKenty et al. 1997), the detector
read out non-destructively several times during each inte-
gration to facilitate removal of cosmic rays and saturated
pixels. The integration times were 2304 sec for the F187N
and F190N filters (Paα and adjacent continuum) and 1280
sec for the F222M filter (2.2µm medium band continuum).
The last observation was also performed off-source to en-
able telescope thermal background subtraction. The data
were calibrated using the pipeline software CALNICA v3.0
(Bushouse et al. 1997) and the best reference files in the
Hubble Data Archive to produce flux calibrated images.
A continuum-subtracted Paα image was obtained by di-
rect subtraction of the F187N and F190N images. We veri-
fied the continuum subtraction by rescaling the continuum
by up to ±10% before subtraction and establishing that
this did not significantly affect the observed emission line
structure.
A small (few percent) drift in the NICMOS bias level
resulted in spatially dependent residuals in the calibrated
images (the “pedestal” problem, Skinner at al. 1997).
This effect was removed by fitting and subtracting a first
degree polynomial surface to each quadrant of the contin-
uum subtracted images.
3. RESULTS
The calibrated 2.2 µm continuum image in Fig. 1 shows
the rather smooth and regular structure expected for a
typical elliptical galaxy. This smooth structure on small
scales contrasts strongly with the patchy and irregular
emission observed on the same spatial scales in R and I
with WF/PC-1 (Schreier et al. 1996). The continuum im-
age is dominated by a strong unresolved source which we
interpret as the nucleus of the galaxy.
The intensity of the nucleus is estimated by fitting a
model PSF derived using the TinyTim software (Krist &
Hook 1997). We took particular care in removing the
PSF artifacts present beyond the first Airy ring. The to-
tal non-stellar plus stellar flux of the unresolved nuclear
source is (2.3±0.1)×10−15 erg cm−2 s−1 A˚−1 (magnitude
10.52±0.05 in the Vega reference system). Fig. 2 shows
the azimuthally averaged radial light profile obtained by
fitting ellipses to the isophotes in the F222M image and
comparing with the model PSF fitted to the data.
The nucleus position is RA=13:25:27.46, Dec=-
43:01:10.2 (J2000), with the ±1′′ uncertainty of the HST
Guide Star Catalogue (GSC). This position is consistent
with that found in the radio and ground based IR data,
and with both the peak of reddening and the peak of po-
larization found with WF/PC-1.
In contrast to the relatively smooth light distribution
seen in F222M, the continuum subtracted Paα image (Fig.
3) reveals a number of emission features above the thresh-
old of 6×10−15 erg cm−2 s−1 arcsec−2 (3σ of the noise
measured in emission free areas). In addition to the un-
resolved nuclear source, there is a prominent elongated
structure, with some sub-structure, centered on the nu-
cleus, a finger (N1a) ≃0.′′9 N-E of the nucleus, two arc-like
filaments (A,B) located, respectively, at ≃ 2.′′9 N-E and
3.′′5 N-N-E of the nucleus, and several other weaker emis-
sion knots and filaments distributed over the field of view.
The dominant feature by far is the structure around
the nucleus. Isophotal ellipse fitting gives an average el-
lipticity of 0.5 and a constant position angle of 33◦ out-
side a radius of ∼0.′′1, within which the nucleus domi-
nates. The total extension along the major axis is ≃
2.′′3 (≃ 40pc) and the total flux from the extended nu-
clear emission above the level of 1.1×10−14 erg cm−2 s−1
arcsec−2 is (3.9±0.4)×10−14 erg cm−2 s−1. In compari-
son, the observed flux from the unresolved Paα emission
is (5.7±0.6)×10−14 erg cm−2 s−1. The inset in Fig. 4
overlaying the Paα contours on a gray scale plot of the
nuclear emission after subtracting the isophotal fit model
clearly shows N1a and another sub-structure S-S-E of the
nucleus.
4. EXTENDED Paα DISK
The elongated structure around the nucleus seen in Paα
emission has an overall extent of ∼ 40×20 parsecs. Its po-
sition angle of 33◦is approximately perpendicular to that
of the dust lane. It is not oriented along the axis of the
X-ray/radio jet, which has a position angle of ∼ 50◦-55◦ as
seen at X-ray (Schreier et al. 1979), cm (Burns et al. 1983)
and VLBI (Jones et al. 1996) wavelengths. It is also not
perpendicular to the jet axis, as reported for an extended
structure seen with ISOCAM at much lower resolution in
the near IR at P.A. ∼ 145◦ (Vigroux 1997), nor is it con-
sistent with the orientation of a ring with a radius of ≃100
pc perpendicular to the radio jet, reported by Rydbeck et
al. 1993. As such, we believe that we are observing a new
feature, not directly related to the radio/X-ray jet or to
any previously reported optical or IR features.
We have verified that the observed elongation is not the
result of varying extinction in front of a smooth circular
emission region. Indeed, if the extinction is maximum at
the nucleus and decreases outwards in a direction perpen-
dicular to the dust lane, the resulting morphology would
be elongated in the direction of this extinction gradient.
We calculated the IR reddening correction map by adopt-
ing the procedure presented in Schreier et al. 1996, com-
paring the colors obtained in recent WFPC2 observations
(Schreier et al. 1998) with our NICMOS continuum im-
ages, using the reddening law of Cardelli, Clayton and
Mathis (1989) with RV = 3.1, and assuming a constant
intrinsic color over the field of view of NICMOS; this lat-
ter assumption is supported by an I-K vs V-I color diagram
where most of the points lie tightly along the reddening
line. Applying the derived reddening correction to the Paα
image does not significantly affect the morphology of the
observed structure.
HST observations of other AGNs suggest three possible
explanations for the observed elongated structure: 1) gas
which is shocked and compressed by interaction with the
jet; 2) illumination of gas clouds by an anisotropic nuclear
radiation field (i.e. an ionization cone, cf. Robinson 1997
and references therein); and 3) a gaseous disk, such as that
of M87 (Harms et al. 1994).
The structure’s position angle differs by ∼ 20◦ from the
Schreier et al. 3
jet axis (see Fig. 4). This significant misalignment sug-
gests the emission is not due to a current jet-cloud interac-
tion, especially when we see other Paα features well corre-
lated with the radio/X-ray jet morphology (see next sec-
tion). It has long been hypothesized that the radio jet had
a different (smaller) position angle in the past, creating the
N-S orientation of the outer lobes, and then rotating to
form first the inner lobes and then the currently observed
X-ray/radio jet. In this regard we note that the outer edge
of the N-E inner lobe does have structure aligned with the
position angle of our feature; both could be gas shocked by
the jet (perhaps two-sided) at some recent time, and not
yet cooled down. Existing radio and X-ray measurements
do not provide added information on this small spatial
scale.
The ∼ 20◦ misalignment with the jet does allow the
elongated structure to lie well within a putative ionization
cone. We note that most of the other detected emission
features would also lie within such a cone if it has an open-
ing half-angle of at least ∼ 30◦, well within the limits pos-
tulated by the unified model (e.g. Antonucci 1993). As
it stands, we cannot rule out clouds densely distributed
along this position angle, embedded in a large opening
angle radiation field. However, the relative thickness of
the feature in the transverse direction and the symmetry
around the nucleus suggest that this is not the case.
We find the simplest interpretation for the elongated
emission to be a gaseous disk around the nucleus, as seen
on larger scales around other galactic nuclei. It could be
the outer part of an accretion disk, expected around a mas-
sive black-hole at the core of this AGN. If the structure
is indeed a thin circular disk, the axial ratio suggests an
inclination of ≃60◦ . Its radius of ∼ 1.′′2 (∼ 20pc) makes it
significantly smaller than the hundred parsec scale stellar
disks observed by HST at the centers of many galaxies.
This gas disk could be readily ionized by the powerful
AGN, seen in X- and γ-rays. The flux of photons required
to keep the Paα emitting material ionized can be computed
following Osterbrock (1989): after dereddening (AV=10
mag) and assuming Case B recombination for Te=10
4K
and Ne=10
3 cm−3, we find a value of 4×1051 photons s−1.
This is a small fraction of the total expected emission from
the AGN. Note that the nucleus has an extinction of up to
70mag along the line of sight, estimated from X-ray obser-
vations. However, while being within the ionization cone
the disk is well outside the obscuring torus, and subject
to a a much lower extinction from the nucleus. We thus
assume AV=10 mag as a reasonable upper estimate of the
foreground extinction, following Schreier et al. (1996) who
found a peak extinction of AV=7 mag in the optical.
The mass of the gas responsible for both extended
and unresolved nuclear emission is estimated from the
standard relation, L(Paα) = NpNeV 4piJ (Paα) =
Ne4piJ (Paα)M/mH:
M = 3.9×103M⊙ F
obs
−13(Paα)10
0.059(AV−10)
(
Ne
103
)−1
(1)
where Np is the proton density, V is the volume of the
emitting gas, J (Paα) is the line emissivity, mH is the pro-
ton mass, F obs−13(Paα) is the observed Paα flux in units of
10−13 erg cm−2 s−1 and 100.059(AV−10) is the reddening
correction if AV is different from the assumed 10 mag. This
modest mass estimate of M ∼4×103M⊙ depends mostly on
the assumed gas density (Ne=10
3 cm−3) and is extremely
uncertain, but we believe that a disk of 103M⊙ to 10
5M⊙
is quite feasible.
The Paα disk is consistent with being perpendicular to
the plane of the dust lane, and lying along the major axis
of the large elliptical galaxy (see Fig. 4). It is now widely
accepted that the large gas/dust disk of Cen A (i.e. the
dust lane) was acquired in a recent merger process, and
that differential precession has led to the observed warped
structure (e.g. Tubbs 1980). In the central region of Cen
A, the precession time is only 107 years, and the orthog-
onal alignment of our small disk may be consistent with
numerical studies of the evolution of gas disks in bulge
systems (e.g. Quillen et al. 1992). If we thus interpret the
observed emission as being from the warped outer portions
of an accretion disk around the active nucleus, we conclude
that even on the relatively small spatial scale of a few par-
secs, the disk is dominated by the gravitational potential
of the galaxy as a whole and not by the symmetry of the
AGN and its jet.
For a non-rotating black hole (BH), one would expect
the jet to have its direction determined by the angular mo-
mentum axis of the inner gaseous disk, while for a Kerr
black hole, it would be expected to be aligned along the
spin axis of the black hole itself (Bardeen & Petterson
1975). Close to a Kerr BH, (r ≃Gm/c2∼1014 cm ∼10−4
pc), the disk itself will warp to become normal to the spin
axis. In our Cen A data, on a few parsec scale, the nor-
mal to the Paα disk and the radio jet are misaligned by
∼ 70◦, in projection. We conclude that if Cen A contains
a rotating black hole, then either the gas disk must be
outside the sphere of influence of the black hole, or it was
formed recently enough that it has not yet become aligned
with the spin axis; for a non-rotating black hole, we find
that the disk must become significantly warped away from
being normal to the jet inside a radius of ∼2pc.
Pringle (1997) has recently modeled self-induced warp-
ing of accretion disks in AGNs. He finds that disks are
likely to be warped at R > 0.02pc around a ∼108M⊙ BH.
Our results show a constant position angle for the disk in
to ∼ 2pc, suggesting the somewhat weak upper limit of ∼
1010M⊙ for the mass of the black hole.
5. Paα FEATURES RELATED TO THE X-RAY/RADIO JET
Three of the relatively strong Paα features detected ap-
pear spatially associated with the X-ray/radio jet of Cen-
taurus A. In Figure 5 we overlay the Paα image with a 6
cm radio map (Feigelson, private communication; see also
Figure 1 of Clarke et al. 1986). We align the two images
assuming that the radio and NIR nuclei are coincident and
note that the extended N-S extent of the radio contours is
the result of the 0.′′3× 1.′′1 radio beam.
The kiloparsec scale X-ray/radio jet has an average
PA = 55◦±7◦, the innermost knots have a slightly larger
PA≃60◦ and the VLBI milliarcsecond jet and counterjet
(cf. Jones et al. 1996) are at PA≃51◦±3◦. We note that
the multiple components of the radio jet within a few arc-
seconds of the nucleus were not resolved by Burns et al.
1983 and were reported as N1. They are clearly visible
in the contour map (Fig. 5) and Figure 1 of Clarke et
al. (1986), as part of their 6′′ nuclear jet, although the
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individual components were not discussed. We label the
compact, innermost knot N1a and see that it corresponds
positionally with the Paα “finger”≃0.′′9 from the nucleus
at PA ≃ 64◦±11◦ (see also the small inset in Fig. 4). The
two Paα arcs A and B, at distances of ≃2.′′9 and ≃3.′′5 from
the nucleus, each extending over ≃ 20 pc, are seen to lie ≃
15 and 30 pc, respectively, on either side of another knot of
the nuclear jet. These may result from an outgoing shock
created by interaction between the radio emitting nuclear
ejecta and a gas cloud. We note that the radio jet has a
steep spectrum at this distance from the nucleus (Clarke
et al. 1986), suggesting that the gas is still too hot along
the jet axis to show line emission. We can expect, with
adequate resolution, to see X-ray emission from this region
of the jet.
6. SUMMARY
We summarize the key results of our 2.2 µm continuum
and Paα observations of the inner region of NGC 5128 as
follows:
1) We see an extended continuum source with the rather
regular and smooth structure expected for an elliptical
galaxy. This smoothness contrasts strongly with the fila-
mentary structure observed in the WF/PC I-band image.
2) We identify a strong unresolved (r <0.′′1) central
source as the nucleus of the galaxy. Its position is con-
sistent with ground-based IR and radio data and the peak
of reddening and polarization found with WF/PC-1. The
nucleus has an intensity of (2.3±0.1)×10−15 erg cm−2 s−1
A˚−1 based on our continuum observations, and a flux of
(5.7±0.6)×10−14 erg cm−2 s−1 in Paα.
3) We see a prominent elongated structure in Paα cen-
tered on the nucleus, with a major to minor axis ratio of
∼ 2, extending ≃ 2′′along position angle ≃ 33◦, perpen-
dicular to the dust lane. We interpret this as an inclined
∼ 40 parsec diameter thin nuclear disk of ionized gas.
4) We see several smaller Paα features, including three
relatively strong ones, which appear spatially related to
the X-ray/radio jet. We interpret them as circumnuclear
gas clouds shocked by the jet.
The disk, with a radius of ∼ 1.′′2, corresponding to
∼ 20pc at 3.5 Mpc, is among the smallest ever observed
at the nucleus of an AGN in the optical/near-IR. It is sig-
nificantly smaller than the hundred or more parsec stellar
disks presumed to exist at the centers of many galaxies.
Even at this small scale, the disk is not perpendicular to
the jet. It is, however, consistent with being perpendic-
ular to the dust lane and oriented along the major axis
of the bulge. If it represents the warped outer portion of
an accretion disk around the active nucleus, we conclude
that even a few parsecs from the nucleus, the disk is domi-
nated by the galaxy gravitational potential and not by the
symmetry of the AGN and its jet.
Further NICMOS observations are planned in 2µm po-
larized light and [Fe II] to provide emission mechanism di-
agnostics and determine the geometry of the nuclear ra-
diation field. If a warped disk illuminated by the nucleus
is the correct model, systematic changes in the polariza-
tion angle as a function of disk position should be seen.
High spatial resolution infrared spectroscopy is planned to
measure gas kinematics in the disk, and thus determine
the mass of the black hole.
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Fig. 1.— Gray scale F222M image of the nuclear region; dynamic range is 0.45–6.2 (units of 10−16 erg cm−2 s−1 A˚−1 arcsec−2). Inset
shows the region around the unresolved source identified as the nucleus; dynamic range is 3.6–14 (same units). Dots and other linear structures
are artifacts of the NICMOS PSF.
6 Disk in Centaurus A
Fig. 2.— Radial light distribution in F222M (filled squares). The logarithm of the azimuthally averaged surface brightness derived from
ellipse fitting (units of 10−15 erg cm−2 s−1 A˚−1 arcsec−2) is plotted as a function of the quartic root of the distance from the nucleus. Error
bars are comparable to or smaller than the squares. Solid line is the best-fit model PSF.
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Fig. 3.— Grey scale continuum-subtracted Paα image; dynamic range is 0–3.6 (units of 10−14 erg cm−2 s−1 arcsec−2). Inset shows the
central region; dynamic range is 0.18–11 (same units). The emission line knots and filaments are labelled for reference.
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A
B
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Fig. 4.— Isophotes of the Paα emission near the nucleus. Contours have constant logarithmic spacing from 6.2 to 53 (units of 10−15 erg
cm−2 s−1 arcsec−2). The origin is the nucleus position. The arrow shows the PA of the VLA radio jet (Clarke et al. 1986), the solid line
the K band polarization vector (2.′′25 aperture on the IR peak, Packham et al. 1996), and the dashed line the position angle from V band
isophotal ellipse fitting of the large scale NGC 5128 bulge (Dufour et al. 1979). Gray scales in the inset are residuals obtained by subtracting
the fitted elliptical model; dynamic range is 2.2–11 (same units).
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Fig. 5.— 6cm isophotes of the nuclear region of NGC 5128 (Feigelson, private communication; see also Clarke et al. 1986) overlayed on
our Paα image.
